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(57)Al>stnct 

A method is described for the incorporation of proteins in the form of spedfic noncovalent complexes with ooWcationic 
reagents, mto sustained release syst«ns^ where the polycation stabilizes the protein against inactivation wiue hSto 
hvcry device, and retards release of the protein from the delivery device. Ahematively. the polycation-pr«ein ooSpTex taS 

"^It ^ °f ''1* « polymeric matrix. He end result is the release of the active 

agent with retention of biological activity, with a high cumulative Hekl, over a sustained period of time. 
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STABILIZATION OF FROIEINS BY CATIONIC BIOPOLYMERS 



Background of the Invoitioo 

This invKidon is in the field of deliv^ systems for 
phannaceutical agents and is especially rdated to methods for the 
stabilizati(xi of proteins using caticmic polymers. 

Sustained release devices have been developed over the past 
several years based cm a broad range of technologies, directed to the 
delivery of a wide selection of pharmaceutical agwits. The physical 
formats for such devices include use of microparticles, slabs or similar 
macroscopic systems designed for implanlatiwi, gels and emulsions, and 
other preparations conceived to preserve tiie active agent in Ae delivery 
systmi for an extended period of time. 

The mechanism of release from matrix-type sustained release 
devices is gwierally understood to occur by hindered diffusion of the active 
agmt through the carrier matrix, or by erosicm of the matrix over time 
resulting in the liberation of die incoiporated active agent These 
processes are not mutually exclusive, and both mechanisms may be 
simultaneously active in the case of a givoi systwn. 

In recent years sustained release devices have been used for the 
delivery of protein pharmacwtical agents, i^imarily as a result of the 
availability of recombinant proteins \^*ich have been developed for 
therq)eutic applications in a wide variety of pa&ological ccndilions. 
Development of such systrais creates greater chall»ges to overcome than 
in the case of low molecular weight drugs and pharmaceutically ac^e 
substances, since proteins inherently have only marginal conformational 
stability, and can frequently be susceptible to conditions or processes 
which result in inaciivation or denaiuradon. in contrast to the degradation 
or deterioration of low molecular weight i*armaceuticals, the structural 
alterations in proteins leading to inactivation need not involve changes in 
the covalent structure of the protein, but can be entirely the consequence 
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of disrupdcHi of an extensive system of noncovalent interacdons wliicfa are 
responsible for the preservation of the native duee dimensional structure of 
the protein. This is the basis far die greater lability of proteins. 

Certain fisatures of sustained rdease devices exac^bate tfie 
potential for the inactivalion of protein active agents. These include the 
&ct that large amoonts of sclbd protein are introduced into Ae delivery 
systm (dflier as pore preparations or mixed with additives and 
exc^rients), and that die physical attributes of the ddiv^ systems 
themselves may presrat inter£aices which promote denaturaticm. Hydiating 
the solid protein imiei physiological conditions in vivo results in formaticm 
of a protem gd or a highly c<XK»:ttxated solution of die protein. Under 
these circumstances it is quite possible for the protein to become 
aggregated or draatured due to interactions with neighboring molecules or 
iqxm exposure to the int^:&ce with the ddivery syst^n. 

In order to overcome diese potential problems, proteins have been 
formulated with excqnents intencted to stabilize the protein in tf^ milieu of 
the pharmaceutical product It has long been known Aat a variety of low 
molecular weight c(Riq>ounds have the effect of preserving Ae activity of 
protdns and enzymes in solution. These include mxp]& salts, as described 
by P. H. von Hippel and K-Y. Wong, 'Neutrar Salts: tte Generality of 
Their Effects on the Stability of Maoromolecular Conformaticms", Sdence 
145, 577-580 (1964), buffer salts and polyhydroxylated con^XHmds such as 
glycerol, mannitol, sucrose and potyetfiylene glycols, K GeUco and S. N. 
Timasheff , "Mechanism of Protein Stabilization by Glycerol: Preferential 
Hydration in Olycerol-Waier Mixtures", Biochemistry 20, 4667-4676 
(1981); K Gekko and T. Modkawa, "Preferential Hydration of Bovine 
Serum Albumin in Pol^iydric Alcohol-Water Mixtures", J. Biochem, 90, 
39-50 (1981); and J. C. Lee and L. L. Y. Lee, "Preferential Solvent 
Interactions between Proteins and Polyethylene Glycols", J. Biol, Chem. 



256, 625-631 (1981). Certain Wocon^tible polymers have also been 
applied for this puipose, such as various polysaccharides and synthetic 
polymers inchiding polyvinylpynolidonc, for example. Even benign 
detergents such as polyoxyethylene sorbitan monookate (Tween 80™) have 

been iixjluded to preserve bioactivity in phamaceuticd fonmd^ Use 
of these nuterials has been implemented over many years, for example, 
with sohible prqnratioas of vaccines and insulin, kng before recombinant 
proton pharmaceutical agents became available. 

Except for the detergents, the medianism by which diese 
substances exert their stabilizing effect has become evidem in recent years 
as a result of thorough investigation. It has been shown that stabilization 
occurs as a rcaih of a general thermodynamic phenomenon prevalent in 
these ternary systems, wherein the cosohae (for example, die polyol) is 
preferentially exchided from (be domain of the protein, and die protein is 
preferentially hydrated. As a result, die protein is stabilized by 
enhancement of die hydrophobic interactions which are geneiaDy diought 
to confer stability on the native tertiary stracture of the protein, as 
compared widi die protein in die absence of die cosohile. 

Use of these exdpients may be associated with certain 
disadvantages. For example, die diennodynamic effects require high 
concentrations of die cosohite in Older to be effective. Under certain 
conditions, high concentrations of polysaccharides may even lead to phase 
sqaration of die protein. Ahematively, low molecular weight exdpients 
have high solubilities and high diffusion coefBdents, so fliat fliey are 
depleted from die delivery device considerably more r^iidly dian die 
active agent. The benefidal effects of die exdpient are tiierefore transiem, 
occurring only in die initial stages of die duration of die release of die 
protein. This condition leaves die protein pharmaceutical still widiin die 
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sustained idease device, pnjoe to inacdvatioD doe to intcnnolecular 
aggiegatioQ and interaction witii tiie sur&ce of tbe device. 

It is dierefoie an object of die presmt invration to enhance tfie 
amount of release and stability of proteins incorporated into i)olymenc 
matrices for controlled drug delivery. 

It is a further object of the present invention to provide a method 
and con:QX>sitions tibat can be used with a varieQ^ of compounds to ^ihance 
stabSity, with minimum effort and expense. 

h is another object of the present invention to provide a method 
and conqx>sitions ttat can be used as biodegradable, biocompatible depots 
for controlled drug deliv^. 

Summary of HkB Invention 
A method is described for Ae incorporation of biologically active 
ag^, especially protein pharmaceutical agents, in (be form of specific 
noncovak»it complexes with polycationic reagents, into sustained release 
systsmSy wiiere the polycation stabilizes the protein against inactivatLon 
while it resides in tiie delivery device, and retards rdease of tiie protein 
due to the added effects of dissociatuHi of the comphx according to the 
law of mass action. Hie end result is the release of the active agrat with 
retmtion of biological activity , wifli a high cumulative yield, over a 
sustained period of tin». 

Jn a second ^nbodiment of Has method and conxposilions, the 
polycation-protdn complex itself serves as a dq>ot for release of die 
protein active agent, rather than a polymeric matrix. In die most preferred 
raibodiment, the complexing polyelectrolytc is both biocompatible and 
biodegradable. 



£xanq>les are provided demonstradns comphx fonnaiioa (for 
example, between erythropoietin and chitosan) and enhanced stability and 
release firan polymeric devices of proteins (such as Factor VIII). 

Brief Description of the Drawings 

Figure 1 is the percent erythropoietin (EPO) released from 
poly(DL-Iactidc-co-glycoIidc) (50:50) micnN^ihBres in 50 mM sodium 
phosphate pH 7.3 at 37»C, for EPOichitosan ratios, expressed as percents 
of total solids, of 12:7, 6:10 and 17:0 over time (days). 

Figure 2 is a gtaph of die cumulative units of Factor Vm activity 
released per mg of poly(lactic add) nricroqAeres, containing eitiier 
poly(arginine) (2 mg/mO coii5>lexed with Factor Vm at 30% loading, over 
time (days) or Factor Vm in Naa-CaClj-glydne buffer. 

Rgurc 3 is a graph of the percent cumulative release over time 
(days) for bovine serum albumin (BSA):sucrose (5:5) (Ught squares); 
BSA.-protamine (5:5) (triangles); and BSA (dark squares), all at 1056 by 
weight loading. 



Detailed Description of the L^^ention 
The majority of the prior art processes and phenomena relating to 
stability and release of compounds from polymeric matrices is based on 
general physical chemical principles, excqjt for the process of erosion of 
sustained release systems, which involves actual diemical degradation of 
the matrix. The method and compositions described herein, in contrast, 
are based on a reversible chemical interaction between the compound to be 
released and a stabilizing compound. 

In die preferred embodiment, the biologically active agent is a 
protein or peptide (inchiding natural, recombinant, synthetic, high and low 
mokcolar weight proteins or peptides). It could also be a nucleic acid, a 
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polysacchaiidey a caibobydrate or denvatives dxroofy a low molecular 
weight organic molecule or pharmacological agent Cotapkx formation 
between proteins and biological polycations can be used for proteins whose 
isoelectric point (pi) is acidic or neutral, as wdl as any protein having 
acidic side chains clust^ed together on die sur&ce of the protein when it 
is in its native^ active ct^ormation. Proteins with acidic or neutral pi 
values have a preponderance of acidic over basic side diains in their 
structures. These are the groups whidi are available interaction with 
the polycation, primarily by electrostatic interacticms* Tie polycation has 
the capsbSity of binding sev^ molecules of protein per molecule of 
polycation. If the protdn is also polyvalent in bindiag sites for die 
polycation, the ccnnplex win likely aggregate or prec^itate, in analogy to 
the antigen-antibody pre<^ritm reaction. If the protein is monovalent for 
the polycation the conqriex wiD remain soluble, presumabfy as a cc»nplex 
comprised of many protein nK>lecuIes bound to each polycation molecule. 
The complexed protein is stabilized relative to the case of tte absence of 
the polycation, both in aqueous solution or suspension, and when 
incorporated into sustained release devices. 

The polycation must be biocompatible and, prefiaably, 
biodegradable. A variety of polycations can be used. Simple polyamino 
adds such as poly(lysine) or poly(argiimie) are useful materials. Their 
molecular weights should be 4,000 daltons or greater, preferably about 
50,000 or greater. Protamine is another useful pofycation. Gntosan is 
usefiil primarily for acidic proteins, since it precipitates at pH values 
greater flian about 6.5. Other biological polycations are also applicable for 
the purposes of diis invention. 

The weight ratio of protan to polycation can be in the range 
1:1000 (when the protein has a very high biological activity per unit 
weight, so that the overall dosing requirement is low) to 20:1 (m the 



converse situation). The preferred range for the weight ratio will be 1:100 
to 10:1. The pH at which the complex is formed will affect the process. 
The overall stale of charge of the protein will be a function of pH, since 
proteins are polyampholylBs. The pH must be one at which the protein 
retains full biological activity, which is a property unique to each protein. 
The pH may also aflfect the charge on the polycation in certain cases, or, 
as with chitosan, actually affect its sohibiHty. Of course, once introduced 
in vivo, release devices incorporating these complexes will experience pH 
values qjproximaiing physiological pH. 

The &brication of sustained release systons containing pxotein- 
polycation c<Hiq)lexes differs little firom the processes curraitly used for 
incorporating protein formulations. liquid fcnmulations can be employed 
in the manufiu^ture of sustained release microspheres in conventional 
solvent eviration procedures. Solid formulations, typically prepared as 
lyophilizcd solids from the liquid, can also be used. In particular, solid 
preparations of protein-polycation formulations can be micnmized, i.e., 
fragmented to produce particles in die size range from less than 1 
micrometer to about 5 micrometers, using the procedures outlined by 
Gombotz, et al., in U.S. Serial No. 07/345,684 filed May 1, 1989, die 
teadiings of which are incorporated herein, summarized as follows. 

The biologically active molecule is first dissolved in a solvent that 
can be tyqphiHzed to form a solution having a concentration ranging from 
proximately 0.1 to 25% (w/v). The solvent may be pure water or can 
be bufEered to a particular pH or ionic strength. The solvent may also be 
organic. The solution may contain the biologically active molecule alone, 
mixtures of two or more types of biologically active molecules alone, 
mixtures of biologically active molecules and stabihzers, or any 
combination diereof. In order to reduce die particle size of these 
preparations to the greatest extent, the composition should be suspended in 



a medium in vAnch not only the solvent but also the bufier salts ate 
volatile mider conditions of lyophilization. Examples of buffers removed 
by lyophilization include amnxHiium bicarbonate and other volatile 
ammonium salts. 

The sdutLon is then atnmiTapid into a low tBnq)eratme liquified gas 
using any one of several devices, such as ultrasonic nozdes, pressure 
no2zles, pnramatic nozzles and rotary nozzles. The liqnified gas can be 
liquid argon (-185.6**C), liquid nitrogen (-195.8^C), liquid oxygOT (- 
182.9''Q or any odier gas that results in the immediate freezing of the 
atomized partides into firozen partides. Oxygen is not preferred for 
proteins since it is explosive and may also cause axidalicMi of die protein. 

The liquified gas is removed by ev£^ration at a traip^ature at 
whidi Ae solvent r^nains frozra, leaving heband frozm particles. The 
frozen solvmt is removed from tfie particles by lyophiliTation to yield 
porous particles. These particles can vary in dian^ter dqxmding on die 
technique used for their atomizaticm, but gennally range from 
approximatdy 10 to 50 microm^rs. 

These protein particles can be incorporated into biodegradable 
polymer microsj^res using the iHt>cesses taught by Gombotz, et aL, U.S. 
Serial No. 077346,143 filed May 1, 1989, the teadnngs of which are 
incorporalcd b^&n, or crther more conventioaal tedmiques. Polymers that 
can be used to form the micros}rfieres incfaide biootxiible polymers such as 
polyOactic add), polyOactic-co-glycolLC add), poIy(caprolactone), 
polycarbraales, polyamides, polyanfaydndes, polyamino adds, polyortho 
esters, polyacetals, pdycyanoacrylates and degradable poIyurethanes,and 
non-erodible polymers such as polyaorylates, ethylei^vinyl acetate and 
other^acyl substituted cellulose acetates and derivatives hereof, non- 
erodible pdyurethanes, polystyrraies, polyvinyl chloride, pcdyvinyl 



fluoride, poly(vinyl imidazole), dilorosulphonated polyolefins, and 
polyetiiylene oxide. 

The mediod of Gombcrtz, et al*, is summarized as follows. 
Polymer and agent to be ^icapsulated in solution or dispersion are 
atomized using an ultrasonic device into a liquified gas which overlays a 
bed of frozen ncm-solvent The microspheres are inunediately frozen by 
the liquified gas. The solvmt is slowly removed from these spheres as 
they thaw and sink onto and thwi into very coW ncm-solvent which extracts 
the solvent as it and the spheres thaw, leaving microstores containing the 
encapsulated agent. The liquified gas can be liquid argon (-185.6*Q, 
liquid nitrogen (-195.8^C), liquid oxygen (-182,9^C) or any other gas that 
results in the immediate fi:eezing of the atcunized particles into frozen 
spheres. 

The product microspheres have been shown to exhibit sustained r^ease in 
vitro and in vivo with a broad variety of {HDteins and enzymes. 

The loadings of the active formulation of the protein-polycation 
complex in such sustained release systraas can be from 5 to 50% (w/w), 
preferably in the range 10-40*. 

Release of the protein active agent from microspheres containing 
protdn-polycation complexes can occur according to one of several 
mechanisms. Hrst, dissociation of the protein from the c(»iq>lex would 
occur only in situ in the domain of die sustained delivery system. The 
free protein diffuses out of the device, while the polycation remains 
behind. The polycation presumably is still bound in a network of the 
protein-polycation con9>lex On the case of proteins diat are polyvalent for 
die polycation), or bound to other protein molecules Qn the case of 
proteins that are monovalent for the polycation). In either case, it is lifcdy 
diat die diffusion coefficient of the polycation molecule is much lower than 
that of the free protein, so ttiat it remains within the ctevice. Second, die 
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protdn-polycation complex, to the extent that it is soluble, difiuses oot of 
the sustained delivery device into the release sink. It then undergoes 
dissodaticHi to release the protmn active agrat into the medium. Ttnid, 
free G^e., amx>mpfexed) molecules of iHotein and polycaticm leave the 
sustained rdease device indepradoidy and possibty simnltaneously. They 
remain uncomplexed to the extent permitted by the law of mass action. In 
reality, it is likely that a combination of these effects is operative. 

It has been discovered tiiat proteins can form complexes with 
biological polycations in vitro; in many cases turbidity or formation of a 
precipitate actually occurs. This observation has led to the use of sudi 
comploGS as dqpots or res^oirs for stabilization of Ae protein active 
agent and for incorporation into sustaind release systems. In tins 
embodiment of dds method smd conq)ositi<Mis, the polycadcm-protein 
complex itself serves as a depot for release of the protein active agoit, 
ratfa^ than a po lyme ric matrix. 

The requirements for a polycation-protein complex to serve as a 
reservoir for the sustained release of die protein as the active agent in a 
pharmaceutical formulation can be summarized as follows. First, the 
assodaticm ccmstant for the formation of tfie complex shwld be relatively 
high, a ^lop^ \diidi may be adueved by virtue of coq)erativily in the 
process of forming Ae complsx. A consequmce of having a high 
association ccmstant is that tiie ccHicentration of firee protein will remain 
relatively low. UrKier such conditions, wbsn the release medianism is 
governed by diffusion, the rate of release can be diminished because the 
flux is proportional to the concentration gradient established betwe» the 
inner and out^ phases. With a low concentration of protein established in 
the inner phase, the rate of difiusion win be low. Second, Ae 
concentralicHi of pdycation ^ould be relatively low, so Aat the active 
agent is the prevalent component by weight in the formulation, if so 
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desired. This is readily achievable because the high associadon constant 
ensures that most r aD of the pofycadon participates in complex 
formation* 

Third, the molecular weight of Ae polycaticm should be relatively 
high, so that its diffusion coefficient win be low. In tins way the active 
agent win be preferentiaUy depleted from the matrix or depot prior to the 
polycaticm. 

The present inventicm wffl be further understood by the foUowing 
non-limiting exanq>les. 

Exampk 1: Formatioii of a complex between bovine serom 
albumin and chttosan. 

1 g of cUtosan was dissolved in 100 ml of 1 X acetic add. The 
pH of the resulting solution was 3.0. The solution was titrated with 
sodium hydroxide to pH of 6.0, avoiding predpitation and gel formation 
by the chitosan. This is termed neutralized dntosan. 

12.0 mg of bovine serum albumin (BSA) was dissolved in 1.0 ml 
5 mM ammonium bicarbonate. 20 microliter aliquots of neutralized 
chitosan were added to die BSA, as wen as to a buffer blank. A Aide 
cloudy precipitate formed with Ae BSA, \(1uch was more profound and 
extensive Aan that observed witfi bufier alone. The latter is ascribed to 
pH-induced iHeci(»tation of dntosan. Centrifiigation was used to 
determine ^iiether precipitation occurred in the liquid supernatant with 
successive additions of chitosan. Generation of incremental turbidity 
ended at about the point where 200 microhters of Ae chitosan soluticm had 
been added to the BSA, corresponding to 2.0 mg chitosan. 

The equival^ice point was reached at a wdght ratio of 
BSA:chitosan of about 5: 1 . 
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Example 2: Fonnatkm of a complex between bovine 

hemoglobin and diitoCTn, 
10.2 mg of bovine hemoglobin (Hb) was dissolved in 1.0 ml 
deionized wzta. to 40 microlilas of nratralized chiiosan was added 
in portions. With tibe first addidras a dark agglcnnerate fom^, 
corresponding to partial deletion of color from the solution. Furtlier 
addition of cinlosan did not lead to a quanlilative precqHtadcm of the Hb. 
Example 3: Preparaticm of and in vitro rdease fir<Hn FL6A 

microsidia^ omtaining the erydiropofetin-diitosan 

omplex. 

Chitosan acetate at pH 5 was used to dissolve recomhinant fanman 
erythropoietin (EPO) widi varying ratios of chitosanrEPO. These 
formulations were micnxuzed according to the method set fisrfli in 
GombcMz et aL (U. S. Semi No. 07/345,684) and incorporated into 
copolyp J^lactide, glycolide) (5050, Bodiringer-Ihgelh^ RG 503) 
using the procedures of Gombotz et aL (U- S. Serial No. 07/345,143), 
The final loading ratios, in weight percentages of tte final microsphere 
preparation, were 6% EPO: 10.3% chiiosan, 12% EPO: 6.8% cfaitosan, 
and 17% EPO alone. 

These micioq)b»^ were subjected to in vitro release studies at 
37''C, using tiie following release buffer: 50 mM sodium phosfdiate, 0.9% 
NaCl, 2% (w/v) ovalbumin, pH 72. The release results are shown in 
Figure 1. li is evid^ that, as compmd to tiie absmce of diitosan, 
incorporation of the polycation profoundly reduces the burst effect upon 
the release of EPO from the microspheres. 

Example 4: Preparation and in vitro rdease of FLA mi(TOsirfieres 
contaixung the Factor VIII*poly(argiiiine) compleic. 
Runan recombinant Fac^ Vm was reconstituted to 200 units/ml 
in 0.2 M NaQ, 0.55 M glydne, 0.005 M Cadj, 12 mg/ml human serum 
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albumin. To this sohitkn was added pdyargmine [(ArK)J at 2 mg/ml. 
The solution was subjected to a change in cranpositim of the buffer to 0.1 
M proline, 2.5 mM CaCl}, pH 7.35 by passing die reconstituted ndxtuie 
through a S^hadex* G-25 cohmm etpnlflnated with the proline - CaCl, 
solution. The product was then imcnHDzed accoiding to the procedure of 
Gofflbotz, et al., in U.S. Serial No. 07/345,684, and incoiparated into 
microsi^res comprised of pofyOaetic add) as the carrier matrix, at a 
loading of the formulated Factor Vm preparation of 30% (w/w) using die 
procedure described by Gombotz, et al. in U.S. Serial No. 07/345,143. 
This prqaradon is referred to as *poIy(arginiie)' in Figure 2. 

A similar microsphere prq>arati<m was made using Imm^ n 
recombinant Factor VHI recmstiluted to 100 units/ml in 0.1 M Nad, 
0.275 M glycine, 0.0025 M CaClj, 6 mg/ml human senmi albuniin. This 
{vqxuation was sindlaxty incoqK»alBd into FLA microsidieres at 30% 
loading. This preparation is referred to as "Nad-Gtycine" in Figure 2. 

The two microsi^re preparati ons were subjected to in vUro 
release experiments at 37°C, by immersing qjprozimately 10 mg of 
microspheres in 1.0 ml aUiiuots of a rdease baSSa consisting of 0.1 M 
NaQ, 0.1 M glycine, 10 mM HEPES, IJS mM CaO,, 2 mg/ml human 
semm albumin, pH 7.2 in a U ml nncroiuge tube, and agitated gra^. 
Fresh aliquots of release medium were ^lied for each time point The 
activity was assayed uang die Coatest* kit for Factor Vm produced by 
Kabi Vitium and distributed by Helena Laboratories, Inc. The color 
reaiiting from release of p-nitrqidieQdate from a syndietic sobstnie, as 
determined in microtiter plate format using a plate reader, and expressed 
as die cumulative percent of incoiporated activi^ released per mg of 
micro^frfieres, is given for die two prepaiaiioos in Hgure 2. It is evident 
tiiat Factor Vm formulated widi (Arg)n has kd to maritedly enhanced and 
sustained release kinetics con^ared to omission of (Arg)n. 
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Example 5: Bovine Serum AIbamm-Pi:*otamme Complex Release 
from CopolyOacdde-glycoIide) Microspiieres. 
A globolin-fiee prq>aratioii of bovine senmi altemin (BSA) 
obtained fnm Sigma Chemical Co. was mixed 1:1 (wrw) with sucrose or 
with protamine sulfiile. The resulting solafi(»is, as wdl as a sohition of 
BSA alone, were micronized according to Gombotz, et aL, as described in 
U.S. Serial No. 07/345,684. Hie protdn-excQrirat fomsxlalims were 
incorporated into microspheres of cppoly(DL-lactide,glycoIide) (50:50) 
following the procedures of Gombotz, et aL, U.S. Serial No. 07/345,143, 
with total loadii^ of 10% by wd^ These microsirfiaBS woe placed in 
20 mM sodium phosftete, 0.15 M sodium chloride, 1^ mM sodium 
azide, pH 7.5, at 37 C to meaane in vitro refease. 

The cunmlative release over 68 d^ is shown in Hgure 3. The 
surge in release fiat occurs b^wera about days 20 and 28 is ascribed to 
dcgradaticHi of fiie polymer matrix, exposing fresh reservoits of protein for 
release to Ae medhmi. The results show that incorporalioa of protamine 
sul£Ue gives enhanced release characteristics as con^iared to the 
incorporation of an equal amount of sucrose. The extmt of reJease in the 
first hour, tenned ti^ burst, is diminished, and the steady, near-zero- 
order release of prtAein is sustained for a longer duratinL For BSA 
without added adpients, the burst release is the lowest of die flnee cases 
shown, but the degradation phase rdeases a large fraction of the protein 
over a rdatrvdy short period of time; furd^r release OHitinues for die 
remaindCT of the time period considered. Of the flnee prqiaiatioDS shown, 
the incorporation of protamine sulfate leads to the most monotraic release 
of protein after die burst 
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We claim: 

1. A stabilized compositioii for ccHitroIled release of a 
biologically active protein comprising 

a bioconq[)atible polymeric matrix incorporating a complex of a 
protein or peptide and a bioccmipatible pdycaticm. 

2. The composition of claim 1 wherein the polycation is 
coaq>lexed with die protein in a ratio betweoi £q)proximatB]y 1:1000 
protein:polycation by wdgfat and 20:1 protein:polycation. 

3. The composition of claim 1 ^o^rein &e polycation is 
complexed with Ae protdn in a ratio between proximately 1:100 
protein:pQlycation by weight and 10:1 protein.*polycati(m. 

4. The composition of claim 1 \d)erein die protein has a pi of 
less dian 8. 

5. The conqx>sition of daim 1 wherein the polymer forming the 
matrix is selected from the group ccmsisting of biocompatible syndietic and 
natural polymers. 

6. The composition of claim S wherein Ae polymer is selected 
frxm the group consisting of polyQactic add), polyOactic-co-glycoIic acid), 
poly(caprolactcme), polycarbonates, poiyamides, polyanhydrides, 
polyamino adds, polyortho esters, polyacetals, pcdycyanoactylates and 
degiadable pdyuredianes, and non-erodible polymers such as 
potyaoylates, ethylene-vinyl acetate and oQ^a acyl substituted cellulose 
acetates and derivatives Asreof, non-erodible polyuredianes, polystyrenes, 
polyvinyl chloride, polyvinyl fluoride, poly(vinyl imidazole), 
chlorosulphonated polyolefins, and polyetfayl^ie oxide. 

7. The composition of claim 1 wherein the polycation is selected 
from the group of polyamino adds, basic pn^ins and cationic 
polysaccharides. 
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8. The composition f daim 1 wherein the polycation has a 
molecular weight of 4,CXX) dalUHis or greater. 

9. The ccKiq)Osition of claim 8 wterein the polycation has a 
molecular weight of about 50,000 or greater. 

10. Hie composition of daim 1 idierein die matm is tibe 
supramolecular aggregate formed by the polycation in con^kxed with die 
biological^ active agCTt 

11. The con^sition of cbdm 10 wherein the protdn is 
polyvalmt in its interaction with Ae polycaticHi. 

12. A n^tfaod for stabilizing a biologically active protein in a 
controlted release device comprising 

forming a con^lex of a i^otein and bioconq»tibk polycation and 
incorporating the COTq>lex into a biocompatible polyn^tic matrix. 

13. Tte mediod of daim 12 wb^tmn the potycatiim is conq)lexed 
witfa the protem in a ratio between approxim ately 1:1000 
proteiiupolycation by weight and 20:1 protein:polycati(Hi. 

14. The method of claim 12 ^dierein the polycation is complied 
with the protein in a ratio betwe» ^proximately 1:100 pn)tdrLiK)lycalion 
by wdght and 10:1 protein:pQlycalion. 

15. The method of daim 12 ^ilierein the ]Ht>tein has a pi of less 

than 8. 

16. The method of daim 12 wlimin the polymer forming die 
matrix is sele<^ from the group consisting of synthetic and natural 
polymers. 
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17. The methcxi of claim 16 wfacrcin the pdymer is selected from 
the group consisting of poly(Ia^c add), poly(lactic-co-glycdic add), 
poly(c^rolactone), polycarbonates, polyamides, polyanhydrides, 
polyamino adds, polyortho esters, polyacetals, polycyanoacrylates and 
degradablc polyurethanes,and n<Hi-erodible polymers rach as polyaaylates, 
ethylene*vinyl acetate and other acyl substituted cellulose acetates and 
derivatives thereof, non-crodiblc polyorcthanes, polystyr»», polyvinyl 
chloride, polyvinyl fluoride, poly(vinyl imidazole), chlorosulphonated 
polyolefins, and polyediykne oxide. 

18. The method of daim 12 M^ierein the polycaticm is selected 
from die grwp of polyamino adds, basic proteins, and cationic 
polysaccharides. 

19. The method of claim 12 wherdn the polycation has a 
molecular wdght of 4,000 daltons or greater. 

20. The mcdKxi of daim 19 wherein Ibe polycaticm has a 
molecular weight of about 50,000 or greats. 

21. The medKxl of daim 12 wherein die polymeric matrix is 
formed by die polycation in combination widi the protein. 

22. The method of daim 16 ^Kii»ein the protein is a protein 
polyvalent in its interaction widi the polycatitm. 

23. The mediod of claim 12 further comprising providing an 
amount of polycation in ccHnbinaticm widi protein effective to alter the 
release of the biologically active agent frcnn the polymeric matrix. 

24. The method of claim 12 fiirdier comprising providing an 
amount of polycation in combination with protein effective to maintain the 
activity of the protein as compared to the activity of the protein in the 
polymeric matrix in the absence of the polycation. 
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